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ABSTRACT 

The effects of previous mathematics, statistics, and 
computer science coursework; attitudes toward statistics and 
computers; and mathematics ability on statistics achievement were 
studied for 289 college students over 4 semesters* A secondary 
purpose of the study was to determine the effect of the computer 
laboratory component of an inferential statistics class on students' 
end of course attitudes. Instruments were administered to determine 
attitudes toward statistics and computers, anxiety about statistics, 
algebra and mathematics skills, and biographical data. The proportion 
of variance in statistics achievement accounted for by the following 
parameters was not statistically significant: (1) attitudes toward 
computers; (2) attitudes toward statistics; (3) mathematics 
background; (A) computer science background; (5) mathematics ability; 
(6) statistical anxiety; and (7) Graduate Record Examination scores 
(available for only 83 students). Coefficient alpha reliabilities are 
reported for each of the scales used to measure attitudes and 
abilities. No statistically significant differences were found 
between students taught with a computer laboratory and those taught 
without the computer component for attitudes toward statistics, but 
those taught by computer exhibited more positive attitudes toward the 
computer and less statistical anxiety at the end of Che course. Five 
tables present study findings. Contains 18 references. (SLD) 
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Statistics Achievement: A Function of Attitudes and Related Experiences 

The primary purpose of this study was to determine the effect of previous mathematics, 
statistics and computer science coursework; attitudes toward statistics and computers; and 
mathematics ability on statistics achievement. This study extends previous research by Elmore 
and Lewis (1991) by incorporating scores on the Verbal, Quantitative, and Analytical subtests 
of the Graduate Record Examination as additional predictors of achievement in applied 
statistics. 

A secondary purpose of this study was to determine the effect of the computer 
laboratory component of an inferential statistics class on the end of course attitudes toward 
statistics and computers controlling for precourse attitudes. In our previous research only two 
sections of the course taught by two instructors were studied to determine the effect of the 
computer laboratory. This study extends our earlier work by using multiple sections of the 
applied statistics course taught by six instructors over four semesters. 

A number of studies have examined the predictors of success in statistics 
achievement. Some of the important predictors include mathematics ability (Elmore & Vasu, 
1980a; Presley & Huberty, 1988; Woehlke and Leitner, 1980); mathematical background 
(Elmore & Vasu, 1980b, 1986; Feinberg & Halperin, 1978); and attitudes toward statistics 
(Wise, 1985). Additional computer-related variables that may contribute to the prediction of 
success in statistics include computer attitudes (Loyd & Gressard, 1984; Munger & Loyd, 
1989), computer experience (Wise, Barnes, Harvey, & Flake, 1989), and the use of computer 
simulation softvv\e (Steriing & Gray, 1991). 
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In a study conducted to determine the effect of computer simulation software, Sterling 
and Gray (1991) found that students who used the software received significantly better scores 
on course examinations. A majority of the students who used the software believed that the 
use of the software increased their ability in statistics and in the use of computers; however, 
only a minority reported that their interest in statistics or computers was increased. 

In this study attitudes toward statistics will be measured using both the Attitudes 
Toward Statistics Scale (Wise, 1985) and the Statistical Anxiety Rating Scale (Cruise, Cash, & 
Bolton, 1985). In 1988 Tomazic and Katz found that academic major, academic status, 
perception of prior success in mathematics, and time since last mathematics course best 
discriminated the level of statistical anxiety using the Statistical Anxiety Rating Scale (STARS) 
developed by Cruise and Wilkins (1980). 

Method 

Subjects 

The subjects were 289 student volunteers who completed applied statistics classes at a 
large mid western university during the summer semester of 1990, the fall semester of 1991, 
and the spring and summer semesters of 1992. The students represented numerous disciplines 
including education, psychology, political science, journalism, geography, history, physiology, 
business, botany, forestry, zoology, speech, music, and administration of justice. 
Instruments 

The following instruments were administered: 

1. Attitudes Toward Statistics Scale (ATS; Wise, 1985). The .47:5 is a five-category, 
29-item rating scale that includes a 20-item. Attitude Toward Field of Statistics (Field) 



subscale and a 9-item Attitude Toward Course (Course) subscale. The ATS items were 
constructed to measure two separate domains: Student attitudes toward the course in which 
they were enrolled and student attitudes toward the use of statistics in their field of study. 
Both positively and negatively worded statements are included on both subscales. A high 
score indicates a negative attitude toward statistics and a low score indicates a positive attitude 
toward statistics. 

2. Computer Attitude Scale (C45; Lx)yd & Gressard, 1984). The CAS is a 40-item, 
four-category rating scale that includes four 10-item subscales measuring Computer Anxiety, 
Computer Confidence, Computer Liking, and Computer Usefulness. Positively and 
negatively worded statements are included in all four subscales. Item responses were coded 
so that a higher score indicated a higher degree of confidence, liking, and usefulness and a 
lower degree of anxiety. 

3. Statistical Anxiety Rating Scale (STARS; Cruise, Cash, & Bolton, 1985). The 
STARS is a 51-item five-category rating scale. The six subscales include Worth of Statistics, 
16 items; Interpretation Anxiety, 11 items; Test and Class Anxiety, 8 items; Computation 
Self-Concept, 7 items; Fear of Asking for Help, 4 items; and Fear of Statistics Teacher, 5 
items. All items are worded in the same direction. A high score indicates a negative attitude 
toward statistics and high anxiety toward statistics; a low score indicates a positive attitude 
toward statistics and little anxiety toward statistics. 

4. Student Diagnostic Survey (SDS; Woehlke and Leitner, 1980). The two subscales 
include a 21-item Algebra test and a 16-item Cloze test of statistical terminology. 

5. Biographic data sheet. This includes age, sex, previous mathematics and statistics 
coursework (number of mathematics and statistics courses taken in high school and college). 



previous computer science coursework (number of computer science courses taken in high 

school and college), and undergraduate and graduate majors. 

Procedure 

Students in the study were enrolled in multiple sections of a course on inferential 
statistics taught by six different instructors over four different semesters. Some sections of the 
course were taught with a computer laboratory and other sections were taught without 
computer applications. Students had no information as to which sections would use the 
computer prior to registration. 

The students were administered the Student Diagnostic Survey during the first class 
session of each section. In addition, the students were asked to complete, outside class, the 
Attitudes Toward Statistics Scale, the Computer Attitude Scale, the Statistical Anxiety Rating 
Scale, and the biographic data sheet. The instruments were to be returned to the statistics 
instructor within one week. During the last week of class, the students were asked to again 
complete, outside class, the three attitude scales and to return them prior to the final 
examination. With the students' permission, scores on the Verbal, Quantitative, and 
Analytical subtests of the Graduate Record Examination (GRE) were obtained from University 
permanent records. The total number of points achieved in the course (the measure of 
statistics achievement) for each student were obtained from the statistics instructors. 
Research Qjuestions 

1. What proportion of the variance in statistics achievement can be accounted for by 
(a) attitudes toward computers, (b) attitudes toward statistics, (c) mathematics 
background, (d) computer science background, (e) mathematics ability, (f) 
statistics anxiety, and (g) GRE verbal, quantitative, and analytical subtest scores? 
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2. What is the contribution of each variable set over and above the contribution of 
the other six variable sets in combination? 

3. What is the effect of the computer laboratory component of an inferential statistics 
class on the end of course attitude toward statistics and computers controlling for 
precourse attitude? 

Data Analysis 

Each research question was answered using the general linear model. The first 
research question was answered using regression analysis. A full model containing all variable 
sets specified in the question was compared to a fully restricted model (R^ = 0) to determine 
if the loss in was statistically significant. The second research question was answered 
using the same full model used for research question one and seven restricted models. Each 
restricted model was formed by dropping out one variable set from the full model. The for 
the full model was compared to the R^ of each restricted model to determine whether the 
contribution of each variable set over and above the other six variable sets in combination was 
statistically significant. The analysis of covariance was used to answer the third research 
question. The level of significance chosen for the study was .05. 



Results 

Table 1 shows the subscale and total score means, standard deviations, and Cronbach a 
reliability coefficients for the precourse administration of the Computer Attitude Scale, 
Statistical Anxiety Rating Scale, and the Attitudes Toward Statistics Scale. Table 2 shows 
equivalent information for the postcourse administration of the three scales. Cronbach a 
reliability coefficients for the Computer Attitude Scale subscales ranged from .78 to .91 for the 



precourse administration and from .80 to .93 for the postcourse administration. Total CAS 
Cronbach a coefficients were .96 for both precourse and postcourse administrations. 
Cronbach a reliability coefficients for the Statistical Anxiety Rating Scale subscales ranged 
from .79 to .93 and from .78 to .94 for the precourse and postcourse administrations, 
respectively. Total STARS Cronbach a coefficients were .95 for both the precourse and 
postcourse administrations. Cronbach oc reliability coefficients for the Attitudes Toward 
Statistics Scale subscales were both .90 for precourse administration and .93 and .90 for 
postcourse administration. Total ATS Cronbach a coefficients were .92 and .94 for the 
precourse and postcourse administrations, respectively. 

The proportion of variance in statistics achievement accounted for by (a) attitudes 
toward computers, (b) attitudes toward statistics, (c) mathematics background, (d) computer 
science background, (e) mathematics ability, (f) statistical anxiety, and (g) GRE verbal, 
quantitative and analytical subtest scores was not statistically significant = .29, F(21,61) = 
1.20, p = .2825 (see Table 3). Since only 83 students had GRE scores on file in their 
permanent records at the university, the regression analyses reported in Table 3 included less 
that 30% of the students participating in the study. A second set of regression analyses 
reported in Table 4 included 255 students and all previously referenced variable sets except 
GRE scores. The proportion of variance accounted for by the six variable sets (a) through (f) 
specified above was .27, F(18,236) = 4.87, p = .0001 (See Table 4). Attitudes toward 
computers [F(4,236) - 2.95, p = .0210] and mathematical ability [F(2,236) = 7.81, p = 
.0005] each made a statistically significant contribution over and above the other five variable 
sets in combination. Of the four subscales of the Computer Attitude Scale only the Computer 
Usefulness subscale made a significant contribution over and above the other variables in the 
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regression equation, F(l,236) - 8.23, p = .0045. Of the two mathematics ability measures, 
only the score on the Student Diagnostic Survey Algebra test made a significant contribution 
over and above the other variables in the regression equation, F(l,236) = 12.86, p .0004. 
The proportion of variance accounted for by the regression model containing the five variable 
sets (a) through (e) specified above was .24 F(12,242) = 6.35, p - *0001]. This theoretical 
model appears to be the most parsimonious since it accounts for only 3 to 5 percent less 
variance with 6 to 9 fewer variables, respectively. The results for this regression model are 
presented in Table 5. Attitudes toward computers [F(4,242) = 2.67, p = .0001], attitudes 
toward statistics [F(2,242) = 4.98, p = .0076], and mathematics ability [F(2,242) = 7.96, p 
= .0004] each made a significant contribution over and above the other four variable sets in 
combination. Only the Computer UsefuUiess subscale of the Computer Attitude Scale 
[F(l,242) = 8.09, p = .0048], the Course subscale of the Attitudes Toward Statistics Scale 
[F(l,242) = 4.26, p = .0400], and the Algebra test of the Student Diagnostic Survey 
[F(l,242) = 14.04, p = .0002] made a significant contribution over and above the other 
variables in the regression equation. 

In order to determine the effect of the computer laboratory component of an inferential 
statistics class on the end of course attitudes toward statistics and computers controlling for 
precourse attitudes, twelve one-way analyses of covariance were run. In all twelve analyses, 
the first step was to determine if precourse administration of each of the four CAS subscales, 
Uie six STARS subscales, and tiie two ATS subscales was related to postcourse administration 
of the same scale. It was found that the precourse administrations (the covariates) were 
related to tiie postcourse administrations (the dependent variables). The assumption of 
homogeneity of regression was met for all twelve analyses. For none of the twelve subscales 
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was the class taught with a computer component significantly different from the class taught 
without a computer laboratory. 

Discussion 

The coefficient a reliabilities found in this study are consistent with the reliabilities 
reported for the CAS, STARS, and ATS scales. Loyd and Gressard (1984) reported coefficient 
a reliabilities of .86, .91, .91, and .95 for the CAS Computer Anxiety, Computer 
Confidence, Computer Liking, and Total, respectively. The coefficient a reliabilities found 
in this study were .91, .90, .88, and .96 for the precourse administration of the Computer 
Anxiecy, Computer Confidence, Computer Liking, and Tot^S, respectively. The coefficient 
a reliabilities reported by Cruise, Cash, and Bolton (1985) for the STARS subscaies were .94, 
.89, .91, .88, .85, and .80 for Worth, Interpretation, Test/Class, Computation Self- 
Concept, Asking for Help, and Statistics Teacher, respectively. The coefficient a 
reliabilities found in this study were .93, .87, .90, .88, .87, .79 for the precourse 
administration of the same six STARS subscaies, respectively. Coefficient a was reported by 
Wise (1985) to be .92 for the ATS Field subscale and .90 for the ATS Course subscale. In 
this study the coefficient a reliabilities for precourse administration were .90 for both ATS 
Field and Course subscaies. 

The students participating in this study were similar to students enrolled in part-time 
off-campus programs described by Belli and Seaver (1989) in terms of age and mathematical 
background. They described their typical graduate students as older with a wide variance in 
mathematical preparation, where some students had little or no knowledge of simple algebraic 
manipulations and others had backgrounds in advanced calculus. In this study the average age 
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of participants was 30 years with a range of 20 to 62 years. The average score on the 
Student Diagnostic Survey Algebra test was 14 with a range of 3 to 21, a perfect score. The 
average number of college mathematics courses taken was 3 with a range of no course to 36 
courses. A few students had completed a baccalaureate degree in mathematics. 

In this study we found the proportion of variance in statistics achievement accounted 
for by (a) attitudes toward computers, (b) attitudes toward statistics, (c) mathematics 
background, (d) computer science background, (e) mathematics ability, (f) statistical anxiety, 
and (g) GRE verbal, quantitative, and analytical scores was .29, with an adjusted = = 
.05. The proportion of variance accounted for by the model containing variable sets (a) 
through (f) specified above was ,27, with ft^ = .22. The model containing variable sets (a) 
through (e) appears to be the most parsimonious model since the five variable sets account for 
24% of the variance in statistics achievement as compared with 29% found for vimable sets 
(a) through (g). The proportion of variance accounted for by the independent variables in this 
study is less than the values reported by Elmore and Vasu (R^ = .46, 1980a; R^ = .44, 
1980b; R^ = .34, 1986) and Presley and Huberty (ft^ = .31, 1988) for comparable studies. 
In 1986 Elmore and Vasu found GRE Verbal and Quantitative scores to be particularly 
salient predictors of statistics achievement, producing a 26% increase in variance accounted 
for when added to the regression model containing spatial visualization ability, attitudes toward 
mathematics, mathematics background, masculinity-femininity of interest pattern, and attitudes 
toward feminist issues. In this study the increase in variance accounted for when GRE scores 
were added to the regression model was only 2%. 

The ANCOVA results indicated no statistically significant differences between the 
students taught with a computer laboratory and the students taught without a computer 
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component to the applied statistics course on the postcourse computer attitudes, statistics 
attitudes, and statistical anxiety controlling for the precourse attitudes on the same subscale for 
all of the twelve subscales. However, the students taught with a computer laboratory exhibited 
more positive attitudes toward the computer and less statistical anxiety at the end of the course 
than did students taught without a computer laboratory. 

Previous studies by Elmore and Vasu (1980a, 1980b, 1986) found spatial visualization 
ability to be an important predictor of statistics achievement. Hudak and Anderson (1990) 
report formal operational ability and learning style as significant predictors of achievement. 
Future studies should incorporate these variables in the theoretical model predicting statistics 
achievement* 
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Table 1 

Precourse Subscale and Total Score Means, Standard Deviations, and 
Cronbach a Reliabilities for the CAS, STARS, and ATS Scales 



Variables 


Number 


Number 


Mean 


SD 


Cronbach 




of Items 


of Cases 






a 


Computer Attitude Scale 












Computer Anxiety 


10 


288 


30.00 


6.83 


.91 


Computer Confidence 


10 


282 


30.87 


6.01 


.90 


Computer Liking 


10 


287 


29.56 


6.02 


.88 


Computer Usefulness 


10 


286 


34.94 


4.01 


.78 


Total 


40 


279 


125.80 


20.24 


.96 


Statistical Anxiety Rating Scale 












Worth of Statistics 


16 


282 


30.97 


10.46 


93 


Interpretation Anxiety 


11 


282 


26.29 


7.48 


.87 


Test and Class Anxiety 


8 


288 


23.70 


7.07 


.90 


Computation Self-Concept 


7 


274 


14.98 


5.82 


.88 


Fear of Asking for Help 


4 


288 


8.52 


3.77 


.87 


Fear of Statistics Teacher 


5 


285 


10.75 


3.87 


.79 


Total 


51 


264 


114.53 


28.34 


.95 


Attitudes Toward Statistics 












Field 


20 


278 


40.64 


9.48 


.90 


Course 


9 


287 


24.10 


7.76 


.90 


Total 


29 


277 


64.79 


14.89 


.92 


Note: N=289 
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Table 2 

Postcourse Subscale and Total Score Means, Standard Deviations, and 
Cronbach a Reliabilities for the CAS, STARS, and ATS Scales 



Variables 


Number 


Number 


Mean 


SD 


Cronbach 




of Items 


of Cases 






a 


Computer Attitude Scale 












Computer Anxiety 


10 


286 


30.63 


6.78 


.93 


Computer Confidence 


10 


282 


31.31 


6.19 


.91 


Computer Liking 


10 


287 


29.82 


6.22 


.90 1 


Computer Usefulness 


10 


282 


34.53 


4.24 


.80 1 


Total 


40 


276 


126.43 


21.23 


.96 1 


oiausucai /\nxiciy Kaung ocaie 













Worth of Statistics 


16 


282 


30.38 


11.25 


.94 


Interpretation Anxiety 


11 


285 


24.00 


6.63 


.86 


Test and Class Anxiety 


8 


288 


22.19 


6.58 


.88 


Computation Self-Concept 


7 


278 


13.48 


5.19 


.87 


Fear of Asking for Help 


4 


288 


8.11 


3.25 


.81 


Fear of Statistics Teacher 


5 


283 


10.48 


4.05 


.78 


Total 


51 


274 


108.33 


27.65 


.95 


Attitudes Toward Statistics 












Field 


20 


276 


39.76 


11.06 


.93 1 


Course 


9 


286 


22.13 


7.53 


.90 1 


Total 


29 


274 


61.85 


16.51 


.94 


Note: N=289 
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Table 3 

Summary of Regression Analysis Using Seven Variable Sets 



Model 


Variable Sets 
in Model 


Variable Set 
Eliminated 


R^ 


Reduction 
in R2 


df 


F 


P 


Full 


1,2,3,4,5,6,7 




.2926 




21,61 


1.20 


.2825 


RMl 


2,3,4,5,6,7 


1 


.2707 


.0219 


4,61 


.47 


.7557 


RM2 


1,3,4,5,6,7 


2 


.2715 


.0211 


2,61 


.91 


.4082 


RM3 


1.2,4,5,6,7 


3 


.2843 


.0083 


2,61 


.36 


.7008 


RM4 


1.2,3,5,6,7 


4 


.2164 


.0762 


2,61 


3.29* 


.0441 


RMS 


1.2,3,4,6,7 


5 


.2906 


.0020 


2,61 


.09 




RM6 


1.2,3,4,5,7 


6 


.2390 


.0536 


6,61 


.77 


.5964 


RM7 


1.2.3,4,5,6 


7 


.2307 


.0619 


3,61 


1.78 


.1605 


Note: N = 83 
•p < .05 





The dependent variable is statistics achievement (total number of points achieved in the statistics course). 

1 - Computer Attitude Scale (Anxiety, Confidence, Liking, and Usefulness). 

2 » Attitude Toward Statistics Scale (Field and Course). 

3 = Mathematics background (number of mathematics courses taken in high school and college). 

4 = Computer science background (number of computer science courses taken in high school aiKi college). 

5 = Mathematics ability (scores on Student Diagnostic Survey Algebra and Cloze tests). 

6 = Statistical Anxiety Rating Scale (Worth, Interpreution Anxiety, Test and Class Anxiety, Computation Self- 

Concept, Fear of Asking for Help, and Fear of Sutistics Teacher). 

7 = Graduate Record Examination Subtest Scores (Verbal, (Juantiutive, and Analytical). 
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Table 4 

Summary of Regression Analysis Using Six Variable Sets 



Model 


Variable Sets 
in Model 


Variable Set 
Eliminated 




Reduction 
in R^ 


df 


F 


P 


Full 


1 7 A ^ fi 




./ / iU 






4.87 


.0001 


iViVii 


0 ± ^ f^ 


1 
1 






4, 2 Jo 


2.95 


.0210 


RM2 


1,3.4,5,6 


2 


.2619 


.0091 


2,236 


1.47 


.2325 


RM3 


1,2,4,5,6 


3 


.2602 


.0108 


2,236 


1.75 


.1755 


RM4 


1,2,3,5,6 


4 


.2695 


.0015 


2,236 


.25 


.7797 


RM5 


1,2,3,4,6 


5 


.2228 


.0482 


2,236 


7.81* 


.0005 


RM6 


1,2,3,4,5 


6 


.2396 


.0314 


6,236 


1.70 


.1225 


Note: N = 255 














p < .05 














The dependent variable is statistics achievement (total number of points achieved in the statistics course). 

1 === Computer Attitude Scale (Anxiety, Confidence. Liking, and Usefulness). 

2 = Attitude Toward Sutistics Scale (Field and Course). 

3 = Mathematics background (number of mathematics courses taken in high school and college). 

4 = Computer science background (number of computer science courses taken in high school and college). 

5 = Mathematics ability (scores oi>. Student Diagnostic Survey Algebra and Cloze tesU). 

6 - Statistical Anxiety Rating Scale (Worth, Interpretation Anxiety, Test and Class Anxiety, Computation Self- 

Concept, Fear of Asking for Help, and Fear of Sutistics Teacher). 



ERIC 



16 



Table 5 



Summary of Regression Analysis Using Five Variable Sets 



Model 


Variable Sets 
in Model 


Variable Set 
Eliminated 




Reduction 
in R2 


df 


F 




Full 


1,2,3,4,5 




.2396 




12,242 


6.35* 


.0001 


RMl 


2,3,4,5 


1 


.2060 


.0336 


4,242 


2.67* 


.0329 


RM2 


1,3,4,5 


2 


.2082 


.0314 


2,242 


4.98* 


.0076 


RM3 


1,2,4,5 


3 


.2286 


.0110 


2,242 


1.74 


.1781 1 


RM4 


1,2.3,5 


4 


.2365 


.0031 


2,242 


.49 


.6154 


RM5 


1,2,3,4 


5 


.1895 


.0501 


2,242 


7.96* 


.0004 


Note: N = 255 














p < .05 














The dependent variable is statistics achievement (total number of points achieved in the statistics course). 

1 = Computer Attitude Scale (Anxiety, Confidence, Liking, and Usefulness). 

2 = Attitude Toward Sutistics Scale (Field and Course). 

3 = Mathematics background (number of mathematics courses taken in high school and college). 

4 = Computer science background (number of computer science courses taken in high school and college). 

5 = Mathematics ability (scores on Student Diagnostic Survey Algebra and Cloze tesU). 
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